The resistance of Pseudomonas aeruginosa to antibiotics is a big problem, especially in burns and wound infections. Laser irradiation affects microorganisms by denaturing their proteins, which involves changes in the chemical or physical properties of the protein.
Background
Pseudomonas aeruginosa is a non-fermentative, aerobic, gram-negative rod that normally lives in moist environments (1, 2) . Pseudomonas aeruginosa is typically an opportunistic pathogen that seldom causes disease in healthy subjects. Normally, for an infection to occur, some disruption of physical barriers (skin or mucous membranes) or an underlying dysfunction of immune defense mechanisms, such as neutropenia, is necessary (3). The virulence mechanisms of P. aeruginosa are complex and only partially understood. Adherence mediated by pili and other adhesions appear to be important for the colonization of mucous membranes and other surfaces (4, 5) . Furthermore, the production of a mucoid exopolysaccharide matrix that surrounds the cells and anchors them to each other and to the environment is important for growth as a biofilm, in which the bacterial cells are protected from the host innate and immune defenses and are overall less susceptible to antibiotics (6) (7) (8) (9) . A role for tissue damage and invasion has been recognized for a number of products secreted by P. aeruginosa, including elastase, alkaline protease, cytotoxin, phospholipase C and rhamnolipid (10, 11) . Caffeic acid phenethyl esters (CAPE) (2-phenyl ethyl 3 (3, 4-dihydroxyphenyl) -2-propenoate), exhibits a broad spectrum of biological activities including antibacterial, anti-inflammatory, antiviral, antiatherosclerotic, antiproliferative, neuroprotective, and antitumoral actions (12, 13) . Phenethyl caffeic acid esters, similar to frolic and chlorogenic acids, show antibacterial, anti-mutageneic, and antiviral activities (14) . Several studies have shown the antibacterial effects of these components, e.g. diphenyl esters of caffeic acid act as highly effective antimicrobial agents against staphylococcal bacteria, Bacillus subtilis, and Pseudomonas aeruginosa (15) . Low power laser irradiation (LPLI) has been used for a variety of clinical applications where it is thought to promote certain processes without inducing any thermal effects. Studies have demonstrated that laser-powered treatment will be useful for the treatment of many cases of infection caused by bacteria such as P. aeruginosa (16) . Thus, we aimed to investigate the effect of low-power laser irradiation (LPLI) on bacterial growth. Decrease in bacterial growth of P. aeruginosa after irradiation with 810 nm laser (0.03.W/cm 2 ) could potentially benefit wound infections (17).
Objectives
The aim of this study was to investigate the effect of low power laser irradiation (LPLI) at different time intervals and different doses of caffeic acid on resistance and viability parameters of Pseudomonas aeruginosa.
Materials and Methods

Isolation and Identification of Bacteria
Ten strains of Pseudomonas aeruginosa were collected from patients with burn wound infections using sterile swabs. The samples were inoculated on Mueller Hinton agar and incubated at 37°C for 24 hours for bacteria to multiply to form colonies. The strains were identified by routine laboratory tests (oxidase test, oF medium culture (oxidate fermenter test) and TSI reaction (biochemical reaction test for detection Pseudomonas aeruginosa)) and then tested with specific Pseudomonas aeruginosa polymerase chain reaction (PCR). In order to prepare the Pseudomonas aeruginosa DNA, specimens were first treated by proteinase K. Next, DNA was extracted using the phenolchloroform method. The specific primers used in this study were gyr BR and gyr BF (Figure 1 ).
Bacterial Samples Preparation
For each strain suspensions were prepared using McFarland standards. Next, 1:10 dilutions were prepared from these standards. Furthermore, 100 μL of suspensions (1.5 × 10 2 CFU) were removed and cultured on Muller Hinton agar medium. Bacterial samples were incubated at 37°C for 24 hours and later the number of colonies were counted using a colony counter system. For caffeic acid treatment, the stock concentration of 10 mM caffeic acid (Merck) and filter-sterilized solution were prepared. The two concentrations below the minimum inhibitory concentration (MIC) of caffeic acid were prepared on Mueller Hinton agar in a way to obtain the most appropriate countable colonies comparable to the control group, for the preparation of bacterial suspensions. Furthermore, 100 μL of diluted (10 5 times) bacterial suspension was produced in Mueller Hinton (MH) agar medium and, by further addition of MH agar, the total mixture reached a final volume of 1 mL followed by homogenization using a magnetic stirrer. Later, a standard loop of 1.5 × 10 2 CFU of microbial suspension was transferred to MH agar medium containing two caffeic acid concentrations (1.5 and 1.75 mM); the loop was streaked throughout the culture surface and incubated for 24 hours at 37°C. Following the incubation period, colonies were counted using a colony counter and the results were further compared with those of the controls.
Irradiation Procedure 3.3.1. Laser Exposure
Primarily, 100 μL of bacterial suspension was mixed in a 96-well enzyme-linked immunosorbent assay (ELISA) plate and diluted with Muller Hinton broth by a magnetic stirrer and exposed to 630 nm of 2 mW He-Ne laser for one, two and three minutes. Furthermore, 100 μL of the laserexposed bacterial suspension was cultured on Mueller Hinton agar medium and incubated at 37°C for 24 hours; the number of colonies that had grown, was then compared with the colony numbers counted on control plates.
Co-Exposure to Laser and Caffeic Acid
One hundred microliters of bacterial suspension was mixed with 1 mL of Muller Hinton broth and exposed to laser irradiation for one, two, and three minutes. Then, 100 μL (1.5 × 10 2 CFU/mL) of the microbial suspension was transferred to MH agar medium containing caffeic acid, and the culture was incubated for 24 hours at 37°C. A protocol analogous to that used above was used to compare the number of colonies with those of control plates. Minimum inhibitory concentration (MIC) for caffeic acid was determined by the broth macro dilution method for the Pseudomonas aeruginosa (ATCC 27853) standard strain and the ten strains isolated from patients. The inhibitory effect of caffeic acid and low power laser, individually and in combination was determined. Each sample was exposed to laser for one, two and three minutes and every experiment was carried out three times (Figure 2 ).
Statistical Analysis
One-way ANOVA, Turkey's post-hoc test, and Dunnett's test were performed using the SPSS software. In order to ensure the significance level, non-parametric kruskalWallis and Mann-Whitney tests were performed. P values of < 0.05 were considered statistically significant. 
Results
The minimum inhibitory concentration of caffeic acid through the macro dilution assay was obtained as 2 mM for the standard and sample strains of P. aeruginosa. Our results from caffeic acid and laser treatment on P. aeruginosa showed that the number of colonies in the presence of 1.5 and 1.75 mM of caffeic acid were 280.78 ± 59 (mean ± SD) and 234.07 ± 72.28, respectively. In bacterial suspensions exposed to low power (2 mW) laser for one, two, and three minutes the number of colonies were 273.12 ± 56.05, 220.57 ± 49.22 and 144.93 ± 63.42, respectively. Co-exposure to caffeic acid and laser of bacterial suspensions following three time points resulted in 240.23 ± 60.15, 148.13 ± 52.66 and 84.57 ± 35 colonies, respectively (Figure 1 ).
Discussion
The present results clearly showed a significant reduction in bacterial growth compared with the control group in presence of sub MIC (1.5 and 1.75 mM) concentrations of caffeic acid. The MIC for caffeic acid against P. aeruginosa at 2 mM was obtained by the micro dilution technique. After low-power He-Ne laser irradiation following three different exposure times (one, two, and three minutes), an elimination of colony formation compared with control colonies was observed. For laser-exposed bacterial suspensions the number of colonies showed significant reduction in a time-dependent manner (three minutes > two minutes > one minute) (Figure 2 ).
The resistance of P. aeruginosa to antibiotics is a big problem, especially in burn wounds infection. Laser irradiation affects microorganisms by denaturing their proteins, which involves changes in the chemical or physical properties of proteins. Denaturation includes structural alterations due to destruction of the chemical bonds holding proteins in a three-dimensional form. As proteins revert to a two-dimensional structure they coagulate (denature) and become nonfunctional; laser irradiation can enhance the release of growth factors from fibroblasts and stimulate the wounded cells to treat their functions and increase their in vitro proliferation (18) . Different molecular mechanisms may explain the effect of diode laser on the metabolism of P. aeruginosa; the first mechanism is the absorption of laser light wavelength by certain chromophore (CuA) that has a range of absorption in the infrared (IR) region. This CuA plays an important role in metabolism and production of ATP (19) . The second possible mechanism is the conversion of a fraction of the excitation energy to heat, in which a local transient increase in the temperature of the absorbing chromophore occurs (20) . Wilson and Pratten (21) applied low power gallium aluminum arsenide (GaAlAs) laser to meticilin resistance staphylococcus aureus (MRSA) in their study and reported a killing effect on bacteria through sensitization with aluminum disulfonated phthalocyanine. A study on microorganisms isolated from the mouth showed that the application of 905 nm diode laser for one minute induced a bactericidal effect, which was reinforced by the sensitizer combination (22) . The same effect of low doses of He-Ne laser light was reported for various toluidine blue O (TBO) sensitized oral bacteria (23) . Consistent with the studies mentioned above, in the present study the application of He-Ne low-power (2 mW) laser reduced the number of P. aeruginosa colonies and increasing the laser irradiation exposure time on bacteria induced even more reduction in colony formation. The effects of low-power laser therapy with 810, 660 and 630 nm wavelengths and energy level of between 1 and 50 J/cm 2 was also examined on Staphylococcus aureus, P. aeruginosa and Escherichia coli isolated from infected wounds and it was concluded that the highest antibacterial effect occurred at the wavelength of 630 nm and energy range of 1 -50 J/cm 2 (24) . The application of TBO as sensitizer with He-Ne laser against MRSA was reported to kill the bacteria in a dose-dependent manner (25) . The results of the present study showed that using a suitable low-power (2 mW) He-Ne laser with no sensitizer had the highest killing effect on P. aeruginosa after three minutes of laser exposure time. Similar to the results of this study, using a 2 mW diode laser with 805 nm wavelength and power density of 7.07 W/cm 2 reduced the production of virulence factors and increased the sensitivity of P. aeruginosa to antibiotics, which may be an additional benefit of using light in the treatment of infectious disease (16) . Furthermore a study on the effect of 35 mW He-Ne laser on the proteolytic activity of P. aeruginosa using TBO as a photosensitizer indicated that the reduction in proteolytic activity was 94%, at high doses of both light and TBO concentration (26) . The application of a dye as a sensitizer has been the focus of some studies on photodynamic therapy (PDT), especially in mammalian cancer cells (27) . The major objective of our study was to examine caffeic acid and its derivatives as an adjunct to other compounds for the treatment of skin disorders, in particular melanoma (28, 29) . Phenethyl caffeic acid esters, similar to frolic and chlorogenic acids show antibacterial, anti-mutageneic and antiviral activities and have no side effects (14) . Thus, regarding caffeic acid, the effect of this chemical on cytoplasmic membrane or the possibility of damage to DNA in both prokaryotic and eukaryotic organisms needs to be evaluated. The results of this study showed that the antibacterial properties of He-Ne laser light depend on exposure time. Furthermore, reduction of bacterial growth, with the application of caffeic acid, was reflected by the number of colonies. The simultaneous effect of caffeic acid and laser at three time courses showed a synergic effect in reducing colony formation compared to the control, and groups that received either caffeic acid or laser alone.
